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METHOD AND SYSTEM FOR SEARCHING THROUGH
DESCRIPTIVE DATA IN THE AV/C PROTOCOL

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to the field of consumer electronic devices
coupled in an audio/visual network. More specifically, the present invention
pertains to a system and method for performing a search through data stored in

electronic devices in the network.

BACKGROUND ART

The typical audio/visual (AV) system consists of a variety of consumer
electronic devices that present and record AV media in different ways. For
instance, the typical AV equipment found in a home includes a number of
components such as a radio receiver or tuner, a compact disk (CD) player
and/or a digitai video disc player (DVD), a number of speakers, a television, a
video cassette recorder (VCR), a tape deck, and the like, and also may inciude
a personal computer (PC). The consumer electronic devices in the AV system

are interconnected in some manner, typically by wires.

Consumer electronic devices have become more éapable and more
complex, and the demand for the latest and most capable devices has
increased. As new devices emerge and become popular, the devices are
purchased by consumers and "plugged” into their home or office AV systems. In
turn, the conventional AV system paradigm is being replaced with a home or
office AV network architecture for networking consumer electronic devices. The

AV network architecture provides a powerful platform on which device
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functionality and interoperability can be built, and is capable of taking
advantage of the increased sophistication that is being incorporated into

consumer electronic devices.

A communication standard, the IEEE 1394 standard, has been defined
for networking consumer electronic devices using a standard communication
protocol layer (e.g., the audio visual control [AV/C] protocol). The IEEE 1394
standard is an international standard for implementing an inexpensive high-
speed serial bus architecture which supports both asynchronous and
isochronous format data transfers. The IEEE 1394 standard provides a high-
speed serial bus for interconnecting digital devices, thereby providing universal
input/output connection. The IEEE 1394 standard defines a digital interface for
applications, thereby eliminating the need for an application to convert digital
data to an analog form before it is transmitted across the bus. Correspondingly,
a receiving application will receive digital data, not analog data, from the bus
and will therefore not be required to convert analog data to digital form. The
IEEE 1394 standard is ideal for consumer electronics communication in part
because devices can be added to or removed from the serial bus while the bus

is active.

At least one of the devices in the AV network functions as a controller
device, for example, the tuner, a PC, or an intelligent controller device such as a
set-top-box. The controller device has a number of specific inputs for coupling
to the other consumer electronic devices on the AV network, referred to as

target devices. The controller device has a corresponding number of control
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buttons or control switches which provide a limited degree of controllability and
interoperability for the target deviées. A user controls the AV system and the
target devices by manipulating the buttons and switches on the front of the
central component or, alternatively, by manipulating buttons on a hand-held
remote control unit. In other implementations of AV networks, such as a network
of devices compliant with the home audio/visual interoperability (HAVi)
architecture, the target devices provide on-screen display (OSD) controls that

are presented to the user on a screen or via speakers of the controller device.

fhe target devices in the AV network store their content and/or broadcast
services using some method or model that provides a hierarchical set of data
structures. One example of such a model is the AV/C object list model
described in the patent application entitled “Method and Apparatus for
Representing Devices and Available Information within a Network of Devices
Using Object List and Object Entries,” by Harold Aaron Ludtke, Serial Number
09/040,540, Attorney Docket Number 50118189, filed March 17, 1998, assigned
to the assignee of the present invention and herein incorporated by reference.
In the AV/C object list model, an object is used to represent a distinct entity on .
the target device, such as a particular track on a compact disk or a particular
compact disk loaded into a CD changer that holds multiple CDs. An object list

is a list of the objects, such as a list of all CDs in the CD changer.
One problem with an AV network is associated with the maximum

bandwidth capacity of the network bus. That is, there is a maximum rate at

which the network bus can carry data, typically measured in megabits/second.
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Each device on the AV network consumes a certain amount of the bandwidth
capacity when the device is transmitting data, thereby reducing the bandwidth

available for other devices to use at the same time.

In an AV network, particularly a distributed network where the target
devices operate primarily as peers, a controller device may need to find,
access, and retrieve data from one or more of the target devices. A significant
disadvantage to the prior art is that, in order to find specific instances of data
that describe the content available from a target device (e.g., descriptive data
that corresponds to an object or object list), the controller device first retrieves
most or all of the data from the target device. The data must first be transferred
across the network bus from the target device to the controller device. The
controller device then has to examine all of the data that was stored on the
target device. For example, to find whether a particular compact disk is located
in a CD changer that holds multiple disks, in the prior art it is necessary for the
controller device to retrieve all titles from the target device (the CD changer).
The controller device then must parse through all of that data to find the
particular title being sought. In instances other than this one, even greater
amounts of data may need to be retrieved and searched. Thus, in the prior art,
a huge burden is placed on the overall network, the controller device, and the
target device by the prior art search method described above. In particular, a
large burden is placed on the bus, which must message all the data between

the target device and the controller device.
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The prior art is problematic because network traffic is significantly
increased owing to the large amounts of data that need to be transferred over
the network bus whenever a search of the descriptive data is requested. As
such, the available bandwidth of the bus is substantially reduced and is thus not
fully available for other functions. According to the IEEE 1394 standard,
bandwidth is divided into isochronous and asynchronous portions. The

- isochronous portion of the bandwidih is guaranteed for those devices that
successtully reserve the necessary bandwidth. However, this guarantee is at
the expense of asynchronous data transfers because these types of transfers by
their nature are not guaranteed to be pérformed by any specific time. Thus,
when asynchronous traffic over the bus is heavy, all asynchronous transactions
can incur delays. For example, the transmission of OSD data from target
devices to controller devices could be delayed, which is manifested to the user
as slow screen updates or poor animation quality. Thus, in the prior art, one
function of the AV network may be temporarily subverted due to the heavy traffic
associated with the search function. Certainly, the number of other
simultaneous functions that can be supported by the AV network is reduced

when descriptive data are being transferred over the network bus.

In addition, the prior art is problematic because the controller device is
required to acquire and then search through large amounts of descriptive data
to find the object of interest. The controller device typically is limited in its
capability to process and store data. Consequently, the central processor and
other resources of the controller device are taxed by the prior art search

method, and are diverted from their main function of managing the reai-time
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user interface and controlling the network and the target devices. Thus, the
controller device may not be responsive to the user, and displays, images, etc.,
provided as part of the graphical user interface may be delayed or slowed. In
addition, the controller device must be designed and manufactured with
increased capabilities such as a faster processor or more memory in order to
support the prior art search method, increasing the cost of the controller device

for the consumer.

Similarly, a disadvantage to the prior art is that the performance of the
target device is also negatively impacted. In most target devices, descriptive
data are not necessarily stored in a convenient location for quick access and
according to the format required by the controller device for the search.
Typically, it is necessary for the target device to first gather the information it has
available and assemble that information to compile the necessary descriptive
data. Then, the target device must translate the various data formats and
package the descriptive data in the format expected by the controller device.
Thus, the prior art is problematic because it consumes the resources available
in the target device. As above, the processing capability of the target device
can be taxed by the prior art search method in order to seﬁd data over the
network bus to the controller device. Because the target device must be
designed with increased capabiliﬁ'es in order to support the prior art search

method, the cost to the consumer is also increased.

Another problem in the prior art is associated with the continuous

evolution and improvements occurring with regard to AV networks. For
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example, some target devices employing general purpose hard disks or other
mass storage devices may be designed to record data without regard to or
specific knowledge of the type of data being recorded. Thus, there may exist a
class of devices that will not have the capability to create the descriptive data in
a format that is compatible with that required for the controller device to

determine what is stored on the target device.

Accordingly, what is needed is a method and/or system that provides the
capability to perform a search of the descriptive data stored on target devices
but reduces traffic over the network bus, thereby improving overall network
performance. What is further needed is a method and/or system for searching
the descriptive data that addresses the above need and reduces the above
described burdens placed on the target devices and on the controller device,
thus improving the overall performance of these devices while obviating the
need to build in costly performance enhancements, such as more powerful
central processors and larger memories, to support the search function. In
addition, what is needed is a search method and/or system that addresses the
above needs and is also expected to be compatible with the changes and

improvements made to AV networks in the future.
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SUMMARY OF THE INVENTION

The present invention includes a method and system that provides the
capability to perform a search of the descriptive data stored on target devices
but reduces the traffic over the network bus, thereby improving overall network
performance. The present invention also provides a method and system for
searching the descriptive data that accomplishes the above and reduces the
burdens placed on the target devices and on the controlier device, thus
improving the overall performance of these devices while obviating the need to
buiid in costly performance enhancements, such as more powerful central
processors and larger memories, to support the search function. In addition, the
present invention provides a seafch method and system that accomplishes the
above and is also expected to be compatible with future implementations of AV
networks. These and other advantages of the present invention not specifically
mentioned above will become clear within discussions of the present invention

presented herein.

The present invention is a system and method of same for performing a
search of stored data in a network of electronic devices connected by a network
interface such as a bus, wherein at least one of the electronic devices is a target
device containing the stored data and another one of the electronic devices is a
controller device. First, search criterion are specified in a command structure
and the command structure is transmitted from the controller device to the target
device over the network bus. The target device recognizes the command
structure as a request to perform the search of the stored data and executes the
command structure, thereby causing the search to be performed. As a result of
a successful search, data on the target device that satisfy the search criterion

are identified and an identifier corresponding to that data is aiso specified. The
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target device transmits a response containing the identifier to the controller
device over the network interface. The identifier provides sufficient information
to aliow the discovered data to be subsequently accessed and retrieved by the
controller device. The identifier also enables the controller device to access
and retrieve the content/broadcast service data (e.g., an object) that is

described by the data that satisfy the search criteria.

fn one embodiment, the electronic devices are compliant with AV/C
(audio visual control) protocol, and the network and the network interface are

compliant with the IEEE 1394 communication standard.

The present invention performs the search on the target device which
contains the stored data and not on the controlier device. Consequently, only a
relatively small amount of data is transmitted over the network interface, thus
consuming only a small portion of the available bandwidth capacity of the
network interface and improving overall network performance. Additionally, the
controller device is not burdened with the time-consuming task of searching
through a large amount of data in order to find the data of interest. Likewise, the
target devices are not burdened by having to process, translate and format a
large amount of data in order to prepare that data to be transferred to the target

device.

In the present embodiment, the search criterion specified in the
command can include the search'subject, a location for the search, a starting
point for the search, and/or a direction of the search. Similarly, the format for the
identifier provided in the response can include the address of the data that

satisfies the search criterion, a position of an object described by that data, an

4/6/09, EAST Version: 2.3.0.3
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identifier of the object, a list containing the object, and/or a type of list containing
the object. The present invention allows a search to be specified and
conducted based on criteria which do not require the storage device (e.g., the
hard drive) to understand the structure of the descriptive data. This flexibility
and other features of the present invention are expected to allow the present
invention to remain compatible and useful even after changes and

improvements are made to AV networks.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an exeAmpIary audio/visual network upon which

embodiments of the present invention may be practiced.

5 Figure 2A is a block diagram of one embodiment of a controller device

used in accordance with the present invention.

Figure 2B is a block diagram of one embodiment of a target device used

in accordance with the present invention.

10
Figure 3 is a flow chart of one embodiment of the process used by the
controller device to perform a search of descriptive data in accordance with the
present invention.
15 Figures 4A, 4B, 4C and 4D are data flow diagrams of a controller device

and a target device in accordance with one embodiment of the present

invention.
Figures 5A, 5B, 5C and 5D are data flow diagrams of a controller device,
20 atarget device, and a proxy device in accordance with one embodiment of the

present invention,

Figure 6 is an exemplary command structure for requesting a search of

descriptive data in accordance with one embodiment of the present invention.
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DETAILED DESCRIPTION QF THE INVENTION

In the following detailed description of the present invention, a method
and system for searching through descriptive data in the AV/C protocol,
numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be recognized by one
skilled in the art that the present invention may be practiced without these
specific details or with equivalents thereof. In other instances, well known
methods, procedures, components, and circuits have not been described in

detail as not to unnecessarily obscure aspects of the present invention.

NOTATION AND NOMENCLATURE

Some portions of the detailed descriptions which follow are presented in
terms of procedures, logic blocks, processing, and other symbolic
representations of operations on data bits within an intelligent electronic media
device. These descriptions and representations are the means usad by those
skilled in the data processing arts to most effectively convey the substance of
their work to others skilled in the art. A procedure, logic block, process, etc., is
herein, and generally, conceived to be a self-consistent sequence of steps or
instructions leading to a desired result. The steps are those requiring physical
manipulations of physical quantities. Usually, though not necessarily, these
physical manipulations take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated in a
consumer electronic media devicé. For reasons of convenience, and with

reference to common usage, these signals are referred to as bits, values,
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elements, symbols, characters, terms, numbers, or the like with reference to the

present invention.

It should be borne in mind, however, that all of these terms are to be
interpreted as referencing physical manipulations and quantities and are
merely convenient labels and are to be interpreted further in view of terms
commonly used in the art. Unless specifically stated otherwise as apparent
from the following discussions, it is understood that throughout discussions on
the present invention, discussions utilizing terms such as "processing" or
"computing” or "generating" or "calculating" or "determining” or "displaying" or
the like, refer to the action and processes (e.g., process 300 of Figure 3) of a
consumer electronic device, or similar electronic computing device (e.g.,
dedicated or embedded computer system), that manipulates and transforms
data. The data are represented as physical (electronic) quantities within the
consumer electronic device's registers and memories and is transformed into
other data similarly represented as physical quantities within the consumer
electronic device memories or registers or other such information storage,

transmission, or display screens.’

Current and proposéd technologies allow consumer electronic devices to
be connected in a home or office network and to transfer audio information,
video information and other data to each other over a network bus. For the
discussion herein, terms such as “consumer electronic device” and “network”
are not limited to any form or type of device nor to any type of distribution

network or data format. For the discussion herein, the present invention is
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discussed in the context of a home network comprising familiar consumer
electronic devices interconnected by hardware using a serial bus and

communicating via a standard protocol.

DISTRIBUTED AUDIO VISUAL NETWORK

Figure 1 illustrates an exemplary network 10 that can support
embodiments of the present invention. Network 10 comprises consumer
electronic devices including personal computer systems, and can be extended
to incorporate other electronic devices in different combinations than those

ilfustrated.

Network 10 includes an integrated receiver/decoder device such as
intelligent controller device 12, video camera 14, television 16, personal
computer 18, receiver 20, video cassette recorder (VCR) unit 22, and compact
disk (CD) unit 24 that are coupled together in network 10 by a network interface
(e.g., bus 30). The consumer electronic devices are each censidered a logical
entity represented as a node on network 10, with a unique address, a set of
control registers, and volatile and non-volatile memory units. The consumer
electronic devices in network 10 are capable of interacting with each other on a
peer-to-peer basis, and data, commands and the like can be sent between the

devices within network 10.
In the present embodiment, bus 30 is a bus compliant with IEEE 1394,

Accordingly, the consumer electronic devices of network 10 communicate over

bus 30 using a protocol compliant with IEEE 1394 such as AV/C (audio visual
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control) protocel. Other embodiments of the present invention are operable
within a network of consumer electronic devices compliant with the home
audio/visual interoperability (HAVi) architecture that is known in the art.
However, it is understood that other protocols, buses, network interfaces and

network architectures may be utilized in accordance with the present invention.

Continuing with reference tb Figure 1, controller device 12 is an
intelligent controller device such as a set-top-box or a personal computer.
Controller device 12 is a system component/software element in network 10 that
controls a target device (e.g., the other consumer electronic devices of network
10). Additional information regarding controller device 12 is provided below

with regard to Figure 2A.

Controller device 12 communicates with a user through a graphical user
interface via some type of input/output device (not shown). The user's
input/output device can be a number of well known devices including, for
example, a remote control, a keyboard, a mouse or other cursor directing
device, or a joystick, or a combination of these. Controller device 12 is typically
coupled to a display device that enables the user to view menus or messages,
and that also displays the user's input as the user enters it via the input/output
device. The display device may be incorporated into controller device 12 or it
may be separate from controller device 12; for example, television 16 could be
used in conjunction with controller device 12 to display menus and messages to

the user.

4/6/09, EAST Version: 2.3.0.3



10

15

20

25

WO 99/46922 PCT/US99/05024

16

The consumer electronic devices in network 10 other than controller
device 12 are referred as target devices. The target devices in network 10 store
their content and/or broadcast services using some method or model providing
a hierarchical set of data structures. The content of a target device refers to, for
example, the data representing the music contained in a track of a compact
disk. The broadcast services of a target device refers to the data that
collectively represent each of the components of, for example, a television
program; that is, one component might include the video portion, another
component the audio portion, and a third component the text for closed
captioning. Associated with the content and/or broadcast services are
descriptive data for identifying each set of content data or broadcast service.
The descriptive data includes, for example, the name of the content or
broadcast service (e.g., the name of the television program) and other relevant
details that may be of particular interest or help to further define the content or
broadcast service (e.g., details regarding the particular episode, the names of

characters, etc.).

One example of a model providing a hierarchical set of data structures for
storing content and broadcast services is the AV/C object list model described
in the patent application entitled “Method and Apparatus for Representing
Devices and Available Information within a Network of Devices Using Object
List and Object Entries,” by Harold Aaron Ludtke, Serial Number 09/040,540,
Attorney Docket Number 5011819, filed March 17, 1998, assigned to the

assignee of the present invention and herein incorporated by reference. In the
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AV/C object list model, an object is used to represent a distinct entity on the
target device, such as a particular track on a compact disk or a particular
compact disk loaded into a CD changer that holds muitiple CDs. An object list

is a list of the objects, such as the list of ail CDs in the CD changer.

Figure 2A is a block diagram of one embodiment of controller device 12
upon which embodiments of the present invention can be implemented.
Although a variety of different systems can be used in accordance with the

present invention, an exemplary system is represented by controller device 12.

With reference to Figure 2A, controiler device 12 includes processor 201
coupled with an internal address/data bus 200 for processing information and
instructions. Volatile memory 262 (e.g., random access memory), for storing
information and instructions for processor 201, is also coupled to bus 200. Non-
volatile memory 203 (e.g., read only memory), for storing static information and
instructions for processor 201, is coupled to bus 200. Controller device 12
optionally includes mass storage unit 204 (e.g., a data storage device such as a
magnetic or optical disk and disk drive) coupled to bus 200 for storing
information and instructions. Controller device 12 also includes video/audio
receiver unit 206 and Moving Pictures Expert Group (MPEG) unit 207 coupled

to bus 200. Bus interface 208 is used for interfacing with network bus 30.
Figure 2B is a block diagram of one embodiment of target device 220

upon which embodiments of the present invention can be implemented.

Although a variety of different systems can be used in accordance with the
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PCT/US99/05024



10

15

20

25

WO 99/46922

18

present invention (e.g., the target devices shown Figure 1), an exemplary

system is represented by target device 220.

In general, target device 220 comprises bus 230 for communicating
information, processor 221 coupled with bus 230 for processing information and
instructions, random access memory (RAM volatile) 222 coupled with bus 230
for storing information and instructions for processor 221, read-only memory
(ROM non-volatile) 223 coupied with bus 230 for storing static information and
instructions for processor 221, data storage device 224 such as a magnetic or
optical disk and disk drive coupled with bus 230 for data such as media data,
objects, content and broadcast services, and bus interface 228 for interfacing

with network bus 30.

SEARCH AND DISCOVERY PROCESS

The present invention provides a system and method of same for
performing a search of the descriptive data stored on target devices in an AV
network such as network 10 of Figure 1. In accordance with the present
invention, search criteria are specified and transmitted as a command structure
from controller device 12 to the target deviées (or to a particular target device,
depending on the search criteria that are specified) over network bus 30. In
response to the command structurs, the target devices conduct a search of the
data against the search criteria. When a match with the search criteria is found,
the target device sends a response to controller device 12 over network bus 30,
and also includes in the response an identifier (e.g., a pointer) associated with

the discovered data so that the discovered data can be subsequently accessed
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and retrieved when needed by the user. As will be seen by the detailed
discussion below, by having the target devices perform the data search
operation and rely on a pointer as to the results, the present invention
significantly reduces the amount of data trafficking over the network bus, and
also significantly reduces the degree of data processing on the part of the

controller device and the target devices.

Figure 3 is a flow chart of one embodiment of process 300 used in
accordance with the present invention to perform a search of the descriptive
data stored in target devices in an AV network. In the present embodiment,
process 300 is implemented as program instructions in intelligent devices
connected to the AV network, such as controller device 12 and target device
220 of Figures 2A and 2B. Additicnal details for implementing process 300 are

provided following the discussion of Figure 3.

In step 305, using any one of a variety of methods that are well known in
the art, the user indicates the object for which he/she wishes to search. For
example, the user is provided with a menu or display on a display device
coupled to 'the network, such as television 16 of Figure 1. Using an known
input/output device such as a farﬁiliar remote control unit, the user identifies the
object for which the search is to be performed. The user may also indicate
where to search, a starting point for the search, or the direction in which to
conduct the search. For example, the user may initiate a search for another
track by entering in the subject of the search, such as the title of the track. If the

user has previously located a specific track on a compact disk, the user can also
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indicate that the search should begin at this track, and that the search should
proceed to either the next higher 6r the next lower track on the object list. Thus,
the user identifies the search criterion or criteria that are to be used as the basis
for identifying the object for which the search is to be performed. However,
should the user not enter in a particular search criterion, such as the direction of
the search, a default value is automatically entered in accordance with the
present invention and the search proceeds accordingly. Altematively, controller
device 12 can provide some of the search criteria (such as whether to search in

the forward direction, etc.).

In step 310, based on the u-sefs input, the controller device (e.g.,
controller device 12 of Figure 1) formulates a command structure containing the
search criteria identified by the user in step 305. A prescribed format is used for
the command structure. In the present embodiment, one of the bytes (e.g., an
opcode byte) in the command structure format is used to indicate that the
command structure is a request for a search to be performed. The present
invention takes the search criteria specified by the user and enters them into the
apprepriate fields of the command structure in the proper format specified for
the command (additional details regarding the command structure format are

provided below).

In step 315, with reference to Figures 1 and 3, the command structure is
transmitted from the controller device over bus 30 to the target devices on
network 10. The command structure may be transmitted to a single target

device or to a limited number of devices, typically one device at a time.
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In step 320 of Figure 3, the target device (e.g., target device 220 of Figure
2B) reads the opcode byte in the command structure and thereby recognizes
that the command is a search request. Target device 220 executes the
command structure and conducts a search of its descriptive data using the
search criteria specified in the command structure. The search is conducted by
matching the search criteria against the descriptive data using techniques
known in the art. Thus, in accordance with the present invention, the search is
conducted on the target devices themselves, and the descriptive data or other
data do not need to be transmitted over network bus 30 to controller device 12
in order for the search to be performed. Hence, the target devices are not
burdened with having to process the data into a format required by the
controller device. In addition, the bandwidth of network bus 30 is not consumed
by the data transfer from the target devices to controller device 12. Furthermore,
it is not necessary for controller device 12 to be burdened with the search of the
large amounts of descriptive data. Instead, the target devices perform the

search, which overall provides a more effective utilization of network resources.

In step 325, descriptive data matching the search criteria are identified by
target device 220 and an identifier corresponding to that data is also
determined. The identifier can be of any one of a variety of types (e.g., a
pointer, a title, a name, a memory location, etc.) that enable the descriptive data
to be subsequently located and accessed by controlier device 12. As wili be
seen by the discussion provided below, it is possible to specify in the command

structure the type of identifier that should be provided in response to the
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command. For example, the identifier can be the address in the target device's
register or memory unit where the data are located. In the case of data
structures such as lists, objects, or some other descriptor, the identifier contains
enough information for the controller device to subsequently locate the
descriptive data satisfying the search criteria. In the present embodiment, once

an object that satisfies the search criteria is identified, the search is concluded.

In step 330, the identifier determined in step 325 is transmitted by target
device 220 to controller device 12 over network bus 30. In accordance with the
present invention, only the identifier is transmitted at this point. Hence, only a
small amount of data is transferred from target device 220 to controller device
12. The bandwidth capacity required for this transfer is very small. Thus, the

present invention results in efficient use of the available bandwidth capacity.

In step 335, at any time desired by the user, the identifier from steps 325
and 330 can be used by controller device 12 to access the descriptive data and
the associated content/broadcast service by accessing target device 220 using

the well known AV/C protocol.

In step 340, the descriptive data identified in step 325 are transferred
over bus 30 from target device 220 to controlier device 12. Similarly, the
associated content/broadcast service data can be transmitted over bus 30 to
controller device 12 or streamed to the appropriate consumer electronic device

for the user to view and/or listen to.
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In alternative embodiments, the descriptive data associated with the
identifier and/or the associated content/broadcast service can be transmitted

with the identifier (e.g., during step 330, thereby eliminating steps 335 and 340).

Figures 4A through 4D illustrate the flow of data associated with process
300 in accordance with one embodiment of the present invention. Referring to
Figure 4A, controller device 12 transmits the search request in a command

structure to target device 220 over network bus 30 (e.g., step 315 of Figure 3).

With reference to Figure 4B, target device 220 recognizes the command
structure as a request to perform a search and executes a search of data
storage device 224 according to the search criteria provided by the command
structure (e.g., steps 320 and 325 of Figure 3). During the period of the search,

there is no search-related traffic over network bus 30.

- With reference to Figure 4C, target device 220 transmits to controller
device 12 the identifier associated with the descriptive data that satisfy the

search criteria (e.g., step 330 of Figure 3).

With reference to Figure 4D, controller device 12 subsequently uses the
identifier to access the descriptive data satisfying the search criteria on target
device 220, and target device 220 returns to controller device 12 the descriptive
data specified by the identifier or a media object described by the descriptive

data (e.g., steps 335 and 340 of Figure 3).
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In alternative embodiments, the descriptive data associated with the
identifier and/or the associated content/broadcast service can be transmitted
with the identifier (e.g., as illustrated by Figure 4C, thereby obviating the

transactions iilustrated by Figure 4D).

Thus, in accordance with tﬁe present invention, the search is conducted
on the target device(s). Initially, the search results consist only of an identifier
associated with the data that satisfies the search criteria, and only the identifier
is transmitted from the target device to the controller device. Subsequently,
when the descriptive data and the content/broadcast service data are
transferred from the target device, only the data of interest based on the
preferences of the user are transferred. Therefore, relative to the prior art, the
present invention substantially reduces the amount of data that is transferred

over the network bus and processed by the target and controller devices.

Depending on the implementation of target device 220, the present
invention can increase the efficiency of the search operation. In most typical
target devices, the target device is required to gather the information necessary
to compile the descriptive data because the descriptive data are not stored in a
single location which is quickly accessible. In fact, the descriptive data usually
must be compiled from distinct pieces of information which the target device can
find inside itself. Because the target device has its own internal knowledge of
how to get this data, it may be able to search through the data without first

packaging it into the format which is expected by controller device 12. Thus, the
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present invention can result in a savings of processing cycles (e.g., clock

cycles) and other resources in target device 220.

Additionally, if target device 220 does not have to use processing power
to send data out to network bus 30, then savings in processing power are also
reaiized by not performing this task. It's possible that, depending on the
interface technology built into target device 220, in terms of processing cycles
the search operation in accordance with the present invention is essentially free
due to hardware automation, depending on the implementation of the target

device.

The present invention also provides compatibility with future
implementations of a certain class of consumer electronic devices. Some
electronic devices, such as general purpose hard disks or other mass-storage
devices, will be designed to record any type of data stream which comes over a
1394 network bus. These electronic devices will not have specific knowledge
about the data stream (for example, they will-not understand the data format);
they will simply record the data as they arrive from the network bus. These
electronic devices will not be capable of creating the descriptive data that
controller devices will use to understand what is stored on the media. For
example, if an audio CD is copied to a hard disk, the hard disk will not be able
to analyze the recorded data and create a table of contents describing the track
titles, lyrics, etc. In fact, another controller device will have to write those

descriptive data structures to the hard disk after the copy operation is complete.
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In the future, when a controller device wants to search fof a particular
piece of content, the controller device will want to send the remote search
command to the hard disk, as described in the present invention. However, the
hard disk understands neither thé data content nor the detailed fields of the
descriptor data structures. Therefore, the hard disk would not be able to look for
a specified field such as one named “track title” in order to find the audio track

with a specific title.

The present invention solves the above problem by allowing a search
specification based on certain criteria which do not requiré the hard disk to
understand the descriptive data structures. Thus, the hard disk can be a useful
player in future implementations of an AV network even as new media types are
invented. An example of how this works is provided below in conjunction with

Figure 6.

In one emboediment of the present invention, the search command is
used in combination with a proxy device of the type exemplified in the patent
application entitled “A Method and System for Defining and Discovering Proxy
Functionality on a Distributed Audio Video Network,” by Harold Aaron Ludtke,
Serial Number 09/151,373, Attorney Docket Number SONY-50M2374, filed
September 10, 1998, assigned to the assignee of the present invention and

herein incorporated by reference.
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Figures 5A through 5D are illustrations of the flow of data between
controller device 12, target device 220, and proxy device 520, where proxy
device 520 is a proxy for target device 220 in accordance with the patent
application referenced above. Each of these devices is coupled to network bus
30 (not shown), and the flow of data occurs over network bus 30. Referring to
Figure 5A, proxy device 520 analyzes the data content of target device 220 and
stores this content in memory. The data content can include descriptive data or

it can include objects described by the descriptive data.

With reference to Figure 5B, controller device 12 transmits the search
request in a command structure that is sent to proxy device 520 over network
bus 30 (e.g., as described by step 315 of Figure 3). Controller device 12
recognizes that proxy device 520 is a proxy for target device 220 and therefore
communicates the command structure to proxy device 520 instead of target
device 220. Proxy device 520 recognizes the command structure as a request
to perform a search and executes a search of its memory according to the
search criteria provided by the command structure (e.g., steps 320 and 325 of

Figure 3). During the period of the search, there is no search-related traffic over

network bu.s 30.

With reference to Figure 5C, proxy device 520 transmits to controller
device 12 the identifier associated with the descriptive data that satisfy the

search criteria (e.g., step 330 of Figure 3).
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With reference to Figure 5D, controller device 12 subsequently uses the
identifier to access the descriptive data satisfying the search criteria on proxy
device 520. Proxy device 520 refurns to controller device 12 over network bus
30 the descriptive data specified by the identifier. Depending on the amount of
data transferred from target device 220 to proxy device 520, proxy device 520
can also transfer a media object described by the descriptive data (e.g., steps
335 and 340 of Figure 3). Alternatively, proxy device 520 can direct target

device 220 to transfer the media object described by the descriptive data.

For example, a personal computer will identify itself as a proxy for a CD
unit. Over time, as a user places CDs into the CD unit, the personal computer
will analyze the content of each C‘D and add that content to a database
maintained on the personal computer. In this database, for example, the
personal computer keeps track of the CD titles, the individual track tities, and the
like. When a user subsequently decides to conduct a search of the music that is
available on the home network, the controller device in accordance with the
present invention searches the network and identifies the personal computer
acting as the proxy for the CD unit. The controller device initiates the search on
the home network in accordance with the present invention, and the personal
computer returns the results of the search on behalf of the CD unit and any
other electronic devices for which it is acting as the proxy, even if the devices

are not currently connected to the home network.

Thus, the proxy model permits a distributed search for the desired

content or broadcast service and utilizes, for example, a personal computer with
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much greater resources than a typical CD unit. Note that the distributed search
described above can be accomplished without using the proxy model described
by the reference by having target devices on the network communicate with

each other, such as in the HAVi network architecture that is known in the art.

EXEMPLARY IMPLEMENTATION OF COMMAND STRUCTURE

One example of a model providing a hierarchical set of data structures for
storing content and broadcast services is the AV/C object list model described
in the patent application entitied “Method and Apparatus for Representing
Devices and Available Information within a Netwark of Devices Using Object
List and Object Entries,” by Harold Aaron Ludtke, Serial Number 09/040,540,
Attorney Docket Number 50L.1819, filed March 17, 1998, assigned to the
assignee of the present invention and herein incorporated by reference. An
embodiment of the present invention implemented with the data structure of this
reference is described below. In the discussion below, “object position,” “object
ID," "list ID," “list type” and other similar terms are used in the context of this
reference. However, it is understocd that the present invention is not limited by

the embodiment discussed below nor is it limited to application with the above

reference.

With reference to Figure 1, the SEARCH DESCRIPTOR command allows
the controller device (e.g., controller device 12) to request that a target device
(e.g., the target devices of network 10) execute a search of the descriptive data
(that is, not the content or broadcast service data) looking for an entry that

satisfies the specified search criteria. If the search is successful, the result of the
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search is returned to controller device 12 in the form of an identifier associated
with the descriptive data. The identifier is sufficiently detailed to allow contraller
device 12 to subsequently locate the descriptive data identified by the search.
The SEARCH DESCRIPTOR command is identified by an opcode byte which
identifies the command as a request to perform a search. One embodiment of
the format of the SEARCH DESCRIPTOR command (e.g., the command frame)

is provided in Table 1 beiow.

(Note: in the tables and discussion below, values are in hexadecimal
notation, “msb” refers to most significant bit, and “Isb” refers to least significant

bit.)

Table 1 - Exemplary SEARCH DESCRIPTOR Command

msb 1sb

opcode SEARCH DESCRIPTOR (OB)

operand{0]

search_for

search_in

start_point

direction

response_format

status
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The search_for operand of the SEARCH DESCRIPTOR command
specifies what the target device is to search for. One embodiment of the format
for the search_tfor operand is provided in Table 2 below. The /ength operand
specifies the number of bytes for the search_data operand. The search_data
operand contains the subject of the search, and these bytes can be presented
as text bytes such as “CNN" or they can be presented as any numerical value.
The length operand can be set to zero if there is no preference for a particular
subject to be searched for. Hence, the search_for operand is flexible and is
suited for descriptor data structures of varying length depending on what is

being searched for.

Table 2 - Exemplary Search_for Operand

address
offset msb 1lsb
search_for operand of SEARCH DESCRIPTOR
00 length
01
search_data

The search_in operand of the SEARCH DESCRIPTOR command
specifies the location and scope of the search. The search_in operand is useful
for narrowing the search when possible. One embodiment of the search_in
operand is provided in Table 3 below. The /ength operand here specifies the
number of bytes in the type_specific_info operand. The type_specific_info

operand specifies the scope and locaticn of the search. The format of the
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type_specific_info operand is defined by the value of type. The values for the

type operand are provided for one embodiment by Table 4 below.

Table 3 - Exempiary Search_in Operand

address
offset msb lsb
search_in operand of SEARCH DESCRIPTOR

[09] ) length

01 type

02 '

type_specific_info
5
Table 4 - Exemplary Search_in Type Values
type meaning

10 fields specified by an offset address and length
in Object Descriptors

12 entry_type fields in Object Descriptors

14 child_list_ID in Object Descriptors

16 object_ID fields in Object Descriptors

20 fields specified by an offse; address and length
in Object List Descriptors

22 list_type fields in Object List Descriptors

30 Eields specified by an offset address and length
in Other Descriptors

40 Objects in Object List Descriptors

50 Object Lists

60 Other Descriptors

all others reserved

The start_point operand of the SEARCH DESCRIPTOR command
specifies where the search is to begin. The length operand here specifies the

10 number of bytes in the type_specific_info operand. The type operand here
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specifies how the starting point is indicated in the type_specific_info operand.

One embodiment of the start_point operand is provided in Table 5 beiow. The

values for the type operand are provided for one embodiment in Table 6 below.

Table 5 - Exemplary Start_point Operand

address
offset msb lsb
start_point operand of SEARCH DESCRIPTOR
00 length
01 type
02
type_specific_info
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Table 6 - Exemplary Start_point Type Values

type starting point for search
00 The target device chooses where to start the
search
01 At the current location, where the current

location is defined by the currently selected
Object Descriptor or the position of the last
search result

10 At the point specified by an offset address in the
specified Object Entry Descriptor, where the
object is specified by object_position

11 At the point specified by an offset address in the
specified Object Entry Descriptor, where the
object is specified by object_ID

12 At the entry_type field in the specified Object
Entry Descriptor, where the object is specified by
object_position

13 At the entry_type field in the specified Object
Entry Descriptor, where the object is specified by
object_ID

14 At the child_list_ID field in the specified Object

Entry Descriptor, where the object is specified by
object_position

15 At the child_list_ID field in the specified Object
Entry Descriptor, where the object is specified by
object_ID

16 At the object_ID field in the specified Object

Entry Descriptor, where the object is specified by
object_position

17 At the object_ID field in the specified Object
' Entry Descriptor, where the object is specified by
object _ID
20 At the point specified by an offset address in the

Object List Descriptor, where the list is
specified by its list_ID

22 At the list_type field in the specified Object
List Descriptor, where the list is specified by
its list_ID

30 At the point specified by an offset address in the
Other Descriptor, where that descriptor is
specified by a descriptor_identifier structure

all others reserved
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The direction operand of the SEARCH DESCRIPTOR command specifies
how the search should proceed. The meanings of the direction operand are

provided for one embadiment in Table 7 below.

Table 7 - Exemplary Direction Operand Values

direction meaning
00 The target device chooses the direction of the
search
10 Up, in the increasing order of the search_for

specifier, the target device selects the direction

12 Up., in the increasing order of the search_for
specifier, based on the object_entry position

13 Up, in the increasing order of the search_for
specifier, based on the object_ID

[ 9]
(&

Down, in the decreasing order of the search_for
specifier, the target device selects the direcrion

22 Down, in the decreasing order of the search for
specifier, based on the object_entry position

23 Down, in the decreasing order of the search_for
specifier, based on the object_ID

all others reserved

The response_format cperand of the SEARCH DESCRIPTOR command
specifies how the return data are to be presented to controller device 12.

Values for the response_format operand are provided for one embodiment in

Table 8.
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Table 8 - Exemplary Response_format Operand Values

response_ meaning
format
00 Not specified - target device selects
10 By descriptor_type 10 (specified by ID list)
11 By descriptor_type 11 (specified by list_type)
20 By descriptor_type 20 (specified by -
object_position)

21 By descriptor_type 21 (specified by object_ID)

all others reserved

The status operand of the SEARCH DESCRIPTOR command is set to FF

by controller device 12. The status operand is updated in the response to

indicate the result of the search operation when the search is successful.

The response to a SEARCH DESCRIPTOR command (e.g., the response

frame) is provided in Table 9 for one embodiment. The response frame shown

by Table 9 is sent when the search request is “accepted;” that is, the target

device accepted the command and attempted to carry out the search. When the

search request is “"rejected” (that is, the target device refused the search request

because, for example, invalid parameters are specified), a simple frame is sent

from the target device to controller device 12 instead of the response frame

shown in Table 9. For simplicity, the command frame and the response frame

typically have the same structure, although this does not have to be the case.

The operands from search_for through direction are as described above.

These operands will be returned in the response frame with the same value as

they had in the command frame. The response_format operand will contain

either the originally specified value (in the case where a specific format was
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specified by controller device 12 in the command frame), or a value indicating
the format selected by the target device. The status operand specifies the status
of the search after it is completed. The status can be “successful,” meaning that
either the specified data or any data matching the search criteria were found.
The status can also be “unsuccessful,;’ meaning that no data matching the
search criteria were found. The.descriptor_identifier operand identifies the data
which are being returned from the target device. The data will be in the format
indicated by the response_format operand. The address operand specifies
where the returned data can be found in the case of a search for a data field. In
the case of descriptor structures such as lists, objects, or any other descriptor,
the descriptor_identifier operand will contain enough information for controller

device 12 to access the data.
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‘Table 9 - Exemplary Response'Frame to SEARCH DESCRIPTOR Command

msb 1sb

opcode SEARCH DESCRIPTOR (OB)

operand{0)

search_for

search_in

start_point

direction

rasponse_format

status

descriptor_identifier

address

The type_specific_info structure for the search_in operand of the
SEARCH DESCRIPTOR command makes use of either the
object_entry_descriptor_specifier_ data structure or the
object_list_descriptor_specifier data structure. An embodiment of each of these
data structures is provided in Tables 10 and 11, respectively. The
object_entry_descriptor_specifier data structure specifies an object entry; in the
context of the séarch_in operand, it specifies an object or collection of objects in
which the search operation should be performed. The

object_list_descriptor_specifier data structure identifies an object list (or more
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than one list); in the context of the search_in operand, it specifies the list or a

collection of lists in which the search operation should be performed.

Table 10 - Exemplary Object_entry_descriptor_specifier Data Structure

address
cffset msb 1sb
object_entry descriptor_specifier
00 . type

type_specific

Table 11 - Exemplary Object_list_descriptor_specifier Data Structure

address
offset msb 1sb
obﬁect_list_descriptor_specifier
00 type

type_specific

Table 12 provides the relationship between the type operand and the
type_specific operand in one embodiment of the

10  object_entry_descriptor_specifier data structure.
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Table 12 - Exemplary Object_entry_descriptor_specifier Type Values

type meaning type_specific field

20 a specified object by object_position
position

21 a specified object by object ID
object_1ID

22 any objects with entry_type
specified entry_type
field

2F any objects none

all others reserved

Table 13 provides the relationship between the type operand and the

type_specific operand in one embodiment of the

5 object_list_descriptor_specifier data structure.

Table 13 - Exemplary Object_list_descriptor_specifier Type Values

type meaning type_specific field
10 a specified list by list_ID
list_ID
12 any lists with the list_type
specified list_type
1F any lists none
all others reserved

Table 14 provides one embodiment of each of the type_specific_info

10  data structures for the search_in operand of the SEARCH DESCRIPTOR

command for each of the search_in type values that are provided in Table 4.

The descriptor_identifier structure is used to specify one of the non-object and

non-list descriptor structures in which the search operation is to be performed.

The offset_address field specifies the starting address within the specified
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descriptor structure to begin the search. The length field here specifies the

number of bytes over which the search is to be performed.

Table 14 - Exemplary Type_specific_info Data Structures for the Search_in

Operand
address msb 1sb
offset
type_specific_info for search_in operand, type 10
00
object_list_descriptor_specifier
object_entry_descriptor_specifier
offset_address
length
address msh 1lsb
offset
type_specific_info for search_in operand, type 12
00
object_list_descriptor_specifier
object_entry descriptor_specifier
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address msb lsb
offset
type_specific_info for search_in operand, type 14
co
object list_descriptor_specifier
object_entry_descriptor_specifier
address msb 1sb
offset
type_specific_info for search_in operand, type 16
00
object_list_descriptor_specifier
object_entry_ descriptor_specifier
address msb 1lsb
offset
type_specific_info for search_in operand, type 20
00
object_list_descriptor_specifier
offset_address
length
address msb 1sb
offset
type_specific_info for search_in operand, type 22
00
object_list_descriptor_specifier
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address msb 1sb
offset
type_specific_info for search_in operand, type 30
00
object_lisc_descriptor_specifier
offset_address
length
address msb 1sb
offset
type_specific_info for search_in operand, type 40
00
object_list_descriptor_specifier
object_encry_descriptor_specifier
address msh 1sb
offset
type_specific_info for search_in operand, type 50
00
object_list_descriptor_specifier
address msb 1sb
offset
typre_specific_info for search_in operand, type 60
00 ‘
descriptor_identifier
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Table 15 provides one embodiment of each of the type_specific_info
data structures for the start_point operand of the SEARCH DESCRIPTOR
command for each of the start_point type values that are provided in Table 6.
The offset_address field specifies the offset from the beginning of the descriptor

structure specified in the start_point operand. The entry_type field refers to the

[6}]

type of object entry as defined by the entry_type field of the object descriptor

structures.

Table 15 - Exemplary Type_specific_info Data Structures for the Start_point

10 Operand

address msb 1sb
offset

type_specific_info for start_point operand, type 10

00
descriptor_identifier for object entry
position reference
offset_address
address msb 1sb
offset
type_specific_info for start_point operand, type 11
00

descriptor_identifier for object ID reference

offset_address
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address msb lsb
of fset
type_specific_info for start_point operand, type 12
00
descriptor_identifier for object entry
position reference
entry_type
address msb lsb
offset
type_specific_info for start_point operand,'type 13
00
descriptor_identifier for object ID reference
entry_type
address msb 1sb
offset
type_specific_info for start_point operand, type 14
00
descriptor_identifier for object entry
position reference
address msb 1sb
offset
type_specific_info for start_point operand, type 15
00
descriptor_identifier for object ID reference
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address msb lsb
offset
type_specific_info for start_point operand, type 16
00
01 descriptor_identifier for object entry
02 position reference (5 bytes)
03
04
address msb 1sb
offset
type_specific_info for start_point operand, type 17
00
descriptor_identifier for object ID reference
(k + 4 bytes)
address msb 1sb
offset
type_specific_info for start_point operand, type 20
00
01 descriptor_identifier for object list specified by
02 ID (3 bytes)
03 offset_address
04
address msb lsb
offset
type_specific_info for start_point operand, type 22
00
descriptor_identifier for object entry
position reference
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address nsb 1sb
offset
type_specific_info for start_point operand, type 30
00

descriptor_identifier for object entry

position reference

offset_address

The embodiment of the present invention described above allows the
search to be specified and conducted based on search criteria which do not
require the storage device (e.g., the hard drive on the target devices) to
understand thelstructure of the descriptive data. The present invention
therefore provides the flexibility needed that is expected to allow the present
invention to remain compatible with AV networks even after changes and
improvements are made to the networks and to the consumer electronic devices

that make up the networks or to the data formats used by these devices.

Figure 6 illustrates an exemplary command structure 600 used for
conducting a search (note that the numerical values are in hexadecimal
notation). Command structure 600 demonstrates how an arbitrary field of an
object descriptor structure can be searched for a specified value. Command
structure 600 can be used to find fields which may be unknown to the target
device (e.g., target device 220 of Figure 2B). In this example, a search is
specified in operands{0-3] for the text “NHK" which is represented by ASCII
characters in command structure 600. The object_ID response format is

specified in command structure 600 by operand[13].
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In summary, the present invention provides a system and method for
performing a search on the target device which contains the stored data and not
on the controlier device. Consequently, oniy a relatively small amount of data is
transmitted over the network bus, thus consuming only a small portion of the
available bandwidth capacity of the bus and improving overall network
performance. Additionally, the controller device is not burdened with searching
through a large amount of data in order to find the data of interest. Likewise, the
target devices are not burdened by having to process and format a large
amount of data in order to prepare that data to be transferred to the target

device.

The preferred embodiment of the present invention, a method and
system for searching through descriptive data in the AV/C protocol, is thus
described. While the present invention has been described in particular
embodiments, it should be appreciated that the present invention should not be
construed as limited by such embodiments, but rather construed according to

the below claims.
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49
CLAIMS
What is claimed is:
1. A method for performing a search in a network of electronic

devices having a target device containing stored data and a controller device
comprising the steps of:

a) specifying a search criterion in a command structure;

b) transmitting said command structure from said controller device to
said target device over a network interface, said target device recognizing a
descriptor in said command structure as a request to perform a search of said
stored data;

¢) said target device performing said search of said stored data;

d) said target device identifying data on said target device that satisfies
said search criterion and determining an identifier corresponding to said data
that satisfies said search criterion; and

e) transmitting a response 'containing said identifier from said target

device to said controller device over said network interface.

2. The method of Claim 1 further comprising the steps of:

f) said controller device accessing said data that satisfies said search
criterion using said identifier; and

g) transferring said data from said target device to said controller device

over said network interface.

3. The method of Claim 2 wherein said step g) further comprises the

step of transferring an object of media described by said data from said target

SUBSTITUTE SHEET ( rule 26)
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device to said controller device over said network interface.

4, The method of Claim 1 wherein said command structure
comprises a code indicating data to search for, a code indicating a location of
said data to search for, a start point within said location, and a response format

for said identifier.

5. The method of Claim 4 wherein said response format is an

address for said data that satisfies said search criterion.

6. The method of Claim 4 wherein said response format is a position

of an object of media described by said data that satisfies said search criterion.

7. The method of Claim 4 wherein said response format is an
identifier of an object of media described by said data that satisfies said search

criterion.

8. The method of Claim 4 wherein said response format is a list
containing an object of media described by said data that satisfies said search

criterion.

9. The method of Claim 4 wherein said response format is a type of
list containing an object of media described by said data that satisfies said

search criterion.

10. The method of Claim 1 wherein said electronic devices are

compliant with AV/C (audio visual control) protocol apd said network and

SUBSTITUTE SHEET ( rule 26)
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network interface are compliant with the IEEE 1394 communication bus

standard.

11.  The method of Claim 1 wherein said target device is a proxy

device.

12. A system comprising:
a network interface;
a plurality of electronic devices coupled to said network interface
including a target device containing stored data and a controller device;
wherein said controlier device is for specifying a search criterion in a
command structure;
wherein said controller device is also for tfransmitting said
command structure to said target device over said network interface;
wherein said target device is for recognizing said command
structure is indicating a request to perform a search of said stored data;
wherein said target device is also for executing said command
structure to perform said search, for identifying data on said target device
that satisfies said search criterion, and for generating an identifier
corresponding to said data that satisfies said search criterion; and
wherein said target device is also for transmitting a response
containing said identifier from said target device to said controller device

over said network interface.

13. The system of claim 12 wherein the word “device” has the meaning

“means.”

SUBSTITUTE SHEET ( rule 26 )
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14.  The system of Claim 12 or 13 wherein said controller device is
also for accessing said data that satisfies said search criterion using said
identifier and for retrieving said data from said target device over said network

interface.

15.  The system of Claim 14 wherein said controller device is also for
retrieving from said target device an object of media described by said data that

satisfies said search criterion.

16.  The system of Claim 13 wherein said command structure
comprises a code indicating data to search for, a code indicating a location of
said data to search for, a start point within said location, and a response format

for said identifier.

17.  The system of Claim 16 wherein said response format is an

address for said data that satisfies said search criterion.

18. The system of Claim 16 wherein said response format is an object

of media described by said data that satisfies said search criterion.

19.  The system of Claim 16 wherein said response format is an
identifier of said object of media described by said data that satisfies said

search criterion.

20. The system of Claim 16 wherein said response format is a list

containing said object of media described by said data that satisfies said search

SUBSTITUTE SHEET ( rule 26)
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criterion.

21.  The system of Claim 16 wherein said response format is a type of
list containing said object of media described by said data that satisfies said

5 search criterion.

22.  The system of Claim 12 or 13 wherein said controller device is for
placing a descriptor into a specified field of said command structure, said
descriptor identifying said command structure as a request to perform said

10 search.

23. The system of Claim 12 or 13 wherein said electronic devices are
compliant with AV/C (audio visuél control) protocoi and said network interface is
compliant with the IEEE 1394 communication bus standard.

15
24. The system of Claim 12 or 13 wherein said target device is a proxy

device.
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msb lsb
opcode SEARCH DESCRIPTOR (OB)
operand (0] search_for (03) length
operand(1l] (4E) *N-
operand([2] (48) “H~"
operand[3] (4B) “K~
operand (4] search_in (06) length
operand(5] (10) type: search in specified fields
operand[6) (12) in lists with specified list_type field
operand (7]} (B2) list_type: service

operand(8)

(2F) search in any objects in lists

operand[9]

(00) offset address..

operand[10] (18) .search for service_name field
operand[11] start_point (00) not specified - subunit chooses
operand{l2] direction (00) not specified - subunit chooses
operand(1l3] response_format (21) return data as object_ID reference
operand(14] status (FF)
Figure 6
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